The periphytic green alga Cladophora glomerata is found growing abundantly in dense 1 1 mats in lakes and rivers worldwide, often co-occurring in eutrophic lakes with near-shore waters 1 2 saturated in methane. This alga hosts a diverse microbial community, but the spatiotemporal Mendota at multiple times during the summer growth season to test the hypothesis that the 1 6 bacterial community changes over time and is geographically heterogeneous. Genetic sequencing 1 7 of epibiontic bacteria using the 16S rDNA biomarker showed significant differences in community that is strongly influenced by sampling time and weakly by sampling site. Of showed distinctive site preferences. Different patterns were observed in many aerobic study from the same site revealed a core bacterial assemblage that persists between years and 2 6 over a growth season, but also opportunistic bacterial genera and ecological guilds whose 2 7 populations increase, decrease, or peak over different timeframes. Evidence for a highly dynamic 2 8 microbial community growing on Cladophora glomerata warrants further study to determine the 2 9 most influential factors and how these factors influence freshwater macroalgae or related 3 0 submerged photosynthetic organisms in environmental, industrial, or biotechnological systems.
Some past studies have focused on microbiota of potential pathogenicity to humans that 1 0 1 are associated with nearshore lake sediments or on-shore decomposing drift Cladophora 1 0 2 contaminated by shorebird wastes (Davies et al., 1995; Alm et al., 2003; Badgley et al., 2011; 1 0 3 Byappanahalli et al., 2003; Chun et al., 2017) . By contrast, our study focused on the bacterial associated with the globally significant process methane oxidation. To achieve this Picnic Point is a shoreline peninsular feature of Lake Mendota, Dane Co., WI glomerata (Graham et al., 2015) was sampled from Julian day 172-214, from a northern aspect (N), southern aspect (S), and point (P), 100m apart. The Point site was the most exposed and 1 1 7 least shaded sampling site among the three sampling sites. Although Cladophora occurs from the 1 1 8 surface to variable depths within the water column, for this study, sampling was restricted to 1 1 9 depths of 1.0-1.5m. Water temperature at the depth of algal collection increased over the Center for Limnology, personal communication). A total of 52 samples of Cladophora were 1 2 5 collected, three from each site once per week for two three-week periods, one near the beginning and the other toward the end of the 2014 growth season (Julian days 172, 178, 185, 199, 206 , and 1 2 7 214). Using ethanol-sterilized tools and nitrile gloves, whole algal filaments were removed from containing local lake water and a headspace of air and transported to the lab in an insulated pack,
where they were immediately processed. To remove planktonic microbial cells and unattached microfauna, as in previous studies of Cladophora microbiota (Zulkifly et al., 2012; Graham et al., 2015) , algal filaments were washed three times in fresh autoclave-sterilized SD11, a defined medium closely resembling the 1 3 5 chemical composition and pH of Lake Mendota water (Graham et al., 1996) . All filaments of Cladophora were trimmed to the oldest 2 cm of basal cells near holdfasts, in order to 1 3 7 consistently sample the colonized microbiota from equivalent locations, and avoiding newer, less 1 3 8 highly colonized host cells at growing tips (as in Zulkifly et al., 2012 and Graham et al., 2015) .
The resulting algal materials were placed in 1.5 mL Eppendorf Safe-Lock tubes, and total 1 4 0 genomic DNA was extracted on the same day using the DNEasy Plant Mini Kit (Qiagen) census of bacterial microbiota (Ward et al., 1990) . Variable regions V3 and V4 of 16S rDNA were targeted as part of the 16S Metagenomic Pipeline, version 1.8.2. QIIME (Caporoso et al., 2010; v.1.9 .1) were used with UCHIME (Edgar reads after merging forward and reverse paired ends. A total of 11,541,927 reads were obtained. 441,017 reads were removed because they were too short for identification after quality trimming 1 5 9 and 12,861 chimeras were found and also removed. Taxonomy was assigned to the remaining The Shannon index of alpha diversity (Wilhm, 1970) was calculated to measure site-and evenness across OTUs in a community (Sager & Hasler, 1969 2013) and vegan (Dixon, 2003) .
Results
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Epibiontic bacterial communities sampled from Lake Mendota (WI, USA) Cladophora
glomerata at six time points and three microsites during the growing season of 2014 included 214. Taxonomy assignments yielded several thousand annotated OTUs, most of which were rare, Hyphomicrobium reached a mid-June peak before declining in July and August. Conversely,
Pseudomonas and Meiothermus increased in relative abundance more slowly than other genera,
peaking in late summer. The Point site was notable for higher relative abundances of
Leptolyngbya and Sediminibacterium. Leadbetterella exhibited an early-summer peak followed by slow decline, a temporal pattern common among most genera detected in the Lake Mendota
Cladophora microbiota. The most abundant likely methanotrophic genera, Crenothrix and
Methylomonas peaked in mid-June before declining in July and August and were also more abundance in the south site.
The non-parametric multivariate analysis of variance test showed that the bacterial 0.414, p < 0.001) and between sites (NPMANOVA, pseudo F = 21.2, R 2 = 0.207, p < 0.001).
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Shannon diversity indices showed a gradual net increase over time at the Point site (starting at initially decreased from 5.7 to 5.2 and ended at 5.6 (Figure 3 ). Samples also clustered more The five dominant bacterial phyla present in the Cladophora glomerata microflora over South site displayed the greatest abundance and the Point site displayed the lowest relative 2 0 7
abundance of this phylum.
[Thermi] was initially below 5% relative abundance, and increased at 2 0 8 all sites over the growth season, but diverged mid-summer by site, where relative abundance fell 2 0 9
back to 5% at the South and Point sites but remained at 8% at the North site. Actinobacteria
began with 2-5% relative abundance but decreased in all sites to near zero contribution to late-
summer microbial communities on Cladophora. The bacterial census performed by Zulkifly et al. (2012) , which also employed 16S abundances of Proteobacteria classes that were nearly identical to those observed in this current
replicated study (Figure 6 ). However, the 2014 sampling revealed a much larger relative
abundance of candidate phylum [Saprospirae] , and large differences occurred across additional
classes, most notably among the classes of Bacteriodetes. In 2011 the relative abundance of
Cytophaga was somewhat lower and relative abundance of Sphingobacteria much higher than in relative abundance than in 2011.
The goals of this study were to test the hypotheses that Cladophora glomerata-associated
bacteria display temporal and spatial variance, using samples of the alga from three sites in Lake highly dynamic bacterial community more strongly influenced by sampling time, which 2 2 7
accounted for 41% of the variance. Sampling site accounted for only 20% of the variance 2 2 8 observed, which was expected considering the close proximity of sample sites used in this study.
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Taxonomic assessment at multiple classification levels indicated that the microbiota of
Lake Mendota Cladophora has a relatively static core bacterial community that includes Cyanobacteria, and Actinobacteria. The consistent increase in alpha diversity observed across all relative abundance found at all taxonomic levels also suggests successions of microbial guilds, season.
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Although there are limitations in the methods of this study to infer the function of each gradients, some genera showed patterns of change over the growth season that might be 2 4 7 ecologically significant. For example, the rapid increase followed by slow decrease in the Cladophora. The studied eutrophic lake is very rich in other nutrients such as dissolved organic al., 2012), all of which likely contributed to supporting the putatively hardy copiotrophs 2 5 7
Meiothermus (Tindall et al., 2010) , Sediminibacterium (Kang et al., 2016) , Pseudomonas 2 5 8
